The Mexican Barcode of Life (MEXBOL) project started as an initiative by researchers who wanted México to join the international DNA barcoding (iBOL) collaboration to establish a genetic system of species identification and discovery. MEXBOL has three main nodes associated with different research institutions in the northern, central, and southern parts of the country. At the beginning of 2009, the laboratories of the three nodes began to operate with support from the University of Guelph in Canada where DNA barcoding began in 2003. By the end of 2011, the laboratories in México will be completely equipped and fully operational. The project is funded by the Consejo Nacional de Ciencia y Tecnología (CONACyT). In addition, the steering committee of MEXBOL supports the Comisión Nacional para el Conocimiento y Uso de la Biodiversidad (CONABIO) initiative to offer grants to any university and research center for barcoding collections of Mexican specimens. We present preliminary results of projects dealing with barcoding Mexican mammals. The aims of these analyses are to evaluate the importance of the DNA barcoding (using cytochrome c oxidase subunit I gene; COI) for the identification of species, study of genetic diversity, and taxonomic review. Our preliminary data suggest that DNA barcodes can be used for the discovery of cryptic species and have important implications to the understanding of the mega-diversity of mammals in México.
INTRODUCTION
México is one of the mega-diverse countries of the world [1, 2] . Part of the biological richness of this region is the endemic species in many biological groups, such as plants, invertebrates, fish, and mammals. For vertebrates other than fish, 32% of the 2,500 species known are endemic. In recent years, studies using genetic data (DNA sequences) have shown the existence of Mexican cryptic species accentuating the importance of continued reassessment of cryptic biodiversity. For example, in a study analyzing DNA sequences (nuclear and mitochondrial genes) combined with morphological data of fish from Mexico's Reserva de la Biósfera del Alto Golfo de California y Delta del Río Colorado, was discovered the second fish species endemic to the river's delta, the Delta Mudsucker (Gillichthys detrusus). This species was erroneously placed in the synonymy of G. mirabilis in 1907 and had since remained unrecognized until 2011 [3] . In the endemic Mexican pocket gopher Cratogeomys merriami a study revealed three major genetic and morphological clades within the species. Here, C. perotensis, C. fulvescens, and C. merriami were recognized for central Mexico [4] . Given the foregoing, DNA barcoding represents an application to the study of biodiversity [5] and the discovery of cryptic species. In México, an organization was created to establish a genetic identification system for the plants and animals, The Mexican Barcode of Life (MEXBOL). This is linked directly to the International Barcode of Life (iBOL) project. Additionally, MEXBOL is part of a network supported directly by the Consejo Nacional de Ciencia y Tecnología (CONACyT) and received the first installment of funding in March 2009. Funds to support barcoding and a mirror site for the Barcode of Life Database (BOLD) have also been provided by the Comisión Nacional para el Conocimiento y Uso de la Biodiversidad (CONABIO).
The goal of MEXBOL is to operate a National Laboratory system with three nodes situated at institutions in the northern, southern and central parts of México: 1) Centro de Investigaciones Biológicas del Noroeste (CIBNOR), 2) El Colegio de la Frontera Sur (ECOSUR); both of which are research centers of the Federal Government under CONACyT, and 3) Universidad Nacional Autónoma de México through the Instituto de Biología. We are aiming for a capacity of about 15,000 reactions per year at each node for the extraction of DNA, PCR amplification, and sequencing of nucleotides. When fully operational, we will seek additional support from other Mexican biorepositories to speed the inventorying of biodiversity in México, and to increase the collaboration with Mesoamerican researchers. In adition, CONABIO has financed 20 projects on DNA barcoding to support researchers at 12 Mexican institutions (see http://www.conabio.gob.mx/institucion/proyectos/doctos/ pdf/selecc_CB09.pdf).
The most relevant aspects of this project are: a) establishing México in a leading international role in taxonomic identification and systematic study; b) creating facilities for the cryopreservation of tissues and DNA extracts that are associated with voucher specimens housed in public institutions; and c) establishing a bioinformatics platform to be used for the generation, storage and management of sequences and associated curatorial data that will be diseminated through the internet.
The main scientific and tecnological benefits that MEXBOL will provide are: 1) a genetic methodology for the biodiversity inventory of México; 2) a database with an algorithm for automatic identification of submitted sequences; 3) molecular taxonomic tools to aid in the description of new species; and 4) development of alliances and synergies to reduce the laboratory costs for sequencing and achieving faster identifications of the eukaryotic species of the world.
We consider DNA barcoding as one of the components of the toolkit used for taxonomic identification and as an additional character set that should be combined with morphological methods to delimit species and their evolutionary relationships. However, DNA barcodes should be associated with voucher specimens that have been identified by taxonomic experts.
Mammals have one of the best known taxonomic classifications [6] . However, some species are still not clearly understood because there is variation in their diagnostic features, such as morphology of the skull [7] [8] [9] . Molecular tools are an option that can be used in addition to morphology to help get a better understanding of the species diversity in mammals and their phylogenetic relationships [10] [11] [12] . However, some recent phylogenetic studies using molecular tools have conflicted with traditional morphologically derived phylogenies [7] [8] [9] . The development of DNA barcoding as a genetic reference system for species identification is a strong effort to bridge this technological gap by using standardized sequences with associated voucher specimens. For example, comparison of verified voucher specimens with recently collected small mammals from Suriname indicated several differences between field identifications and species determinations [11] . Based on initial analyses of DNA barcodes in México, there is not a wide use of these techniques for taxonomy, but many studies are using molecular techniques for systematic studies [7-9, 13, 14] .
In México, many of the previous phylogenetic studies of mammals have been done mainly with the cytochrome b or the cytochrome c oxidase subunit III genes. However at the moment, with the implemantation of the MEXBOL project, the cytochrome c oxidase subunit I (COI) is now the most represented and sequenced gene among Mexican mammal species. However, we think that where possible, COI should be combined with other genes, nuclear or mitochondrial, for a robust systematic study.
Herein, we present two case studies demonstrating the utility of DNA barcoding on Mexican mammals including an investigation of species groups in Chaetodipus arenarius (Heteromyidae: Rodentia) from throughout its distributional range, including type localities, which was developed at the Centro de Investigaciones Biológicas del Noroeste, and an analysis of species diversity within the genus Heteromys (Heteromyidae: Rodentia), which was developed at El Colegio de la Frontera Sur.
The pocket mouse, Chaetodipus arenarius, was formally recognized as a unique species endemic to the Baja California Peninsula of México [15] [16] [17] [18] [19] with 12 subspecies [20] and C. dalquesti [17] as a junior synonym of C. a. arenarius. However, recent molecular and morphological analyses proposed that this taxon should be considered a species complex composed of C. arenarius, C. dalquesti and C. siccus [21] . Here, we focused on obtaining barcodes of the three putative species with distribution in the Baja California Peninsula to test the utility of DNA barcoding to identify species similar in morphology. The study also aimed to use COI gene sequences to hypothesize the phylogenetic relationships of the Chaetodipus arenarius complex.
The genus Heteromys has had many taxonomic changes in the last few years, including the description of several new species [22] [23] [24] [25] . In México, three species have been recorded: 1) H. desmarestianus is a polytypic species with distribution restricted to the southern states of Veracruz, Tabasco, Oaxaca, Chiapas and the Yucatan Peninsula to 2,400 m above sea level [26] . Some studies indicate that H. desmarestianus represents a complex of several externally similar species, but with considerable variation in their karyotypes, allozyme and cranial morphology [25, 27] . This species comprises 12 subspecies, of which three are distributed in México; H. d. desmarestianus, H. d. goldmani and H. d. temporalis [6] . Rogers and Schmidly [27] considered H. goldmani (distributed in southeastern Chiapas and southwestern Guatemala to 2,000 m above sea level) to be different from H. desmarestianus based on cranial variation and baculum morphology. However, later allozyme analysis found no differences between the two taxa and H. goldmani was again considered as a subspecies of H. desmarestianus [28] . Nevertheless, some authorities still consider H. goldmani as a different species [26] . 2) H. nelsoni, a monotypic species, is known by only a few specimens from Cerro Mozotal, in Chiapas, and Volcán Tajumulco, in Guatemala [26] . It has been documented at high elevations (2,500 to 2,800 m above sea level [26, 29, 30] ) and is not sympatric with H. d. goldmani, which is found at lower elevations [31] . It is listed as critically endangered by the International Union for Conservation of Nature [32] , and receives special protection by the Mexican Government [33] . A third population not previously known was registered in Chiapas in January of 2009 [34] . 3) H.
gaumeri, a monotypic species, has a distribution restricted to deciduous forests of the Yucatan Peninsula to 100 m above sea level. This species can be very similar in color to H. desmarestianus in sympatric areas [26] . It may represent an ancient lineage of Heteromys and was removed from the desmarestianus group and placed in its own group [35] .
MATERIALS AND METHODS
The specimens of Chaetodipus arenarius were DNA barcoded and analyzed with C. baileyi, C. rudinoris and C. spinatus as outgroups (Appendix 1). Heteromys was barcoded and analyzed with Liomys pictus and L. salvini as outgroups (Appendix 2). Total genomic DNA was extracted using the standard rapid salt-extraction protocol [36] . The 5' fragment of the mitochondrial COI gene (~640 bp) was amplified using the universal primer cocktail for DNA barcoding [37] . All polymerase chain reactions (PCR) included 2. Non-redundant haplotypes were identified using the Collapse ver. 1.1. [38] , and TCS ver. 1.18 [39] software. The model comparison software MrModeltest ver. 2.2 [40] with the Akaike Information Criterion (AIC) was used to select the most appropriate model of nucleotide substitution. Maximum-likehood (ML), maximum-parsimony (MP), using an heuristric procedure with 10 random sequence additions and tree bisection reconnection (TBR) branch swapping, and neighbor-joining using Kimura 2-parameter model (K2P) and The General Time Reversible model (GTR) were conducted in PAUP ver. 4.0b10 software [41] . Support for nodes was assessed with bootstrap analyses of 1,000 replicates. A Bayesian inference analysis (BI) was performed using MrBayes ver. 3.0b4 software [42] . A consensus tree was generated with the 50% majority-rule algorithm. For Chaetodipus arenarius, a minimum spanning network, Fu's F test, network construction (using the parsimony algorithm), haplotype diversity, and nuclear diversity were performed with ARLEQUIN version 2.0 [43] , to contrast the genetic parameters among species.
RESULTS
There were 42 unique haplotypes identified in the 640 bp fragment of COI sequenced for Chaetodipus. The four phylogenetic analyses converged on essentially identical tree topologies obtained in a previous study that concatenated the Cyt b and COIII genes [21] . There were three monophyletic clades, each with 100% support, representing C. arenarius, C. siccus, and C. dalquesti (Fig. 1) . The maximum parsimony analysis yielded 4,392 trees (length = 430, CI = 0.672, RI = 0.925). The maximum likelihood analysis with the GTR + I + G evolution model (A = 0.310, C = 0.223, G = 0.117, and T = 0.348), invariable sites = 0.632, and gamma distribution = 2.921) produced one tree (score = 7589.0, Fig.  1b) . The average interspecific sequence divergence (K2P) ranged from 5.8% between C. dalquesti and C. siccus to 15.8% between C. arenarius and C. dalquesti ( Table 1) . The average intraspecific sequence divergence ranged from 0.6% for C. siccus to 2% for C. arenarius. In the minimum spanning network only one haplotype was present in two different type localities (H34; Migriño and La Paz), representing the subspecies C. d. dalquesti and C. d. sublucidus, respectively. Using maximum parsimonious connections (27 steps, P > 0.95), three disjointed networks were obtained: C. arenarius, C. dalquesti, and C. siccus. These were separated by a minimum of 79 and 32 mutational steps, respectively (Fig.  2) , well beyond the confidence limits for parsimony. The genetics parameters are presented in Table 2 .
The C. arenarius network (19 haplotypes) covers a large geographic area of the peninsula and includes seven type localities. Specimens of C. a. ambiguus (type locality Yubay, 30 mi SE Calamahué, Baja California) and C. a. mexicalis (type locality Los Muertos Canyon Fan, 32° 27' N, 115° 53' W, Gaskill´s Tank, near Laguna Salada, Baja California) were not collected. No haplotype was found to be widespread among the type localities. The average distance among the localities is 430 ± 242 km (120 -880 km). There are two sub-networks representing the northern and southern Peninsula separated by the Vizcaino Desert that has more mutational steps than the minimum spanning network obtained from Cyt b [21] , but these differences are not significant (P < 0.05).
The C. dalquesti network (15 haplotypes) covers a moderate geographic area of the southern part of the peninsula and includes three type localities. No haplotype was found to be widespread among the type localities and there was a star-like pattern indicating a recent expansion.
The C. siccus network (8 haplotypes) covers a small geographic area on Cerralvo Island in the southern part of the peninsula, and includes only one type locality. There were no sub-networks found but there was a star-like pattern with few mutational steps between haplotypes (Fig. 2) .
For the 640 bp COI fragment of Heteromys, the average base composition was A = 27.1%, C = 22.8%, G = 17.1%, and T = 32.9%. There were 162 (24.6%) polymorphic sites of 128 (19.4%) transitions, and 52 (7.9%) transversions, and 13 unique haplotypes were identified. Gene diversity (h; mean ± SD) was 0.8968 ± 0.0302, nucleotide diversity was 0.060176 ± 0.0298, and the mean number of pairwise differences was 39.5956 ± 17.6784. 3053.672; Fig. 3a) . It had a similar topology to the Bayesian tree ( Fig. 3b) and also to the maximum parsimony and neighbor joining trees (not shown). All phylogenetic analyses recovered the three recognized species of H. nelsoni, H. gaumeri, and H. desmarestianus as deeply divergent and strongly supported clades.
Heteromys nelsoni had only two haplotypes that differed by four transitional mutations indicating relatively minimal genetic variability in this species. In H. gaumeri, four haplotypes were defined with a maximum of six mutations between haplotypes. H. desmarestianus had two subclades (Fig. 3) representing the subspecies, H. d. desmarestianus Table  3) .
DISCUSSION
For Chaetodipus from the Baja California Peninsula, the average K2P genetic distances of COI found among clades (5.8% to 15.8%) were higher than suggested by the genetic species concept for average sister species differences based on mitochondrial cytochrome b gene [44] . In addition, the three groups are monophyletic following the phylogenetic species concept [45] suggesting that C. arenarius, C. dalquesti, and C. siccus warrant species recognition, as previously suggested [21] . Within C. arenarius, there is a phylogeographic break (3.22% sequence divergence) that corresponds to the southern and northern peninsula separated at the Vizcaino Desert, as also indicated by cytochrome b data [21] .
For Heteromys from México, the molecular analysis of DNA barcodes showed three well-supported monophyletic groups with low variation within H. nelsoni and H. gaumeri, but high variation within H. desmarestianus. The genetic distance within H. desmarestianus (8.3%) was similar to the range of values based on cytochrome b previously reported (8.0% to 9.2%) [35] . These authors considered H. desmarestianus and H. goldmani as separate species. They are allopatrically distributed and separated by the physical barrier of the Sierra Madre de Chiapas mountain chain. Their distinction had been supported by morphologic and morphometric analyses in Chiapas, where the populations of the southeast (H. d. goldmani) were different from the populations of the north (H. d. desmarestianus) [35] . Since H. goldmani has also been accepted by other studies based on karyotype, allozyme, morphological, cytochrome b, and nuclear genes analyses [35, 46] , we conclude that COI data is further support of it as a valid species. Thus, there are four species of Heteromys distributed in southeastern México: H. desmarestianus, H. gaumeri, H. goldmani, and H. nelsoni.
Although our phylogenetic analysis of COI sequences did not include H. anomalus and H. australis, H. nelsoni is basal in relation to the other species, which is concordant with previous analysis of sequences of cytochrome b and nuclear genes [35] . The specimens of the newly discovered population in Chiapas from La Cascada to Cerro Mozotal (2,850 m) were grouped within the species H. nelsoni according to diagnostic morphological characters of the species and the barcodes obtained in this study. Within H. gaumeri, our data did not show strong geographic structure. Samples from Yucatán and Campeche had haplotypes that were shared; however, the only haplotype from Quintana Roo was in a basal branch.
The influence of environmental factors associated with vegetation types is an important factor that probably acted upon the diversification and speciation process of species with wider distribution and varied habitat, such as H. desmarestianus and C. arenarius. In contrast, species with restricted distribution, such as H. nelsoni and C. siccus, have low genetic variation. Genetic drift within these populations may have resulted in reduced genetic variability, which indicates that the species are vulnerable to extinction. In this regard, recognition and management of conservation units below the species level are crucial to avoid loss of genetic diversity in these species.
It is also necessary to continue with studies focused on estimating the levels of genetic variability in mammals from throughout their distribution with the additional aim of investigating the phylogenetic and taxonomic status in tropical habitats. This will help in proposing conservation policies for species associated with these habitats in southeastern México. In addition, this region needs to be surveyed with more attention to detail concerning the microhabitat of each species. These analyses demonstrate the ability of DNA barcoding to discriminate cryptic species and the amount of variation that an endemic and restricted species can have within its distributional area. 
APPENDIX 1
Specimens examined of Chaetodipus including localities (type locality indicated with an asterisk) with latitude and longitude, haplotype number (catalog and GenBank accession numbers in parentheses) in the mammal collection of the Centro de Investigaciones Biológicas del Noroeste
